Heuristics for Bandwidth Reservation in Multihop Wireless Networks by Allard, Géraud & Jacquet, Philippe
Heuristics for Bandwidth Reservation in Multihop
Wireless Networks
Ge´raud Allard, Philippe Jacquet
To cite this version:
Ge´raud Allard, Philippe Jacquet. Heuristics for Bandwidth Reservation in Multihop Wireless
Networks. [Research Report] RR-5075, INRIA. 2004. <inria-00071508>
HAL Id: inria-00071508
https://hal.inria.fr/inria-00071508
Submitted on 23 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de
recherche franc¸ais ou e´trangers, des laboratoires
publics ou prive´s.
IS
SN
 0
24
9-
63
99
 
 
 
 
 
 
 
IS
RN
 IN
RI
A/
RR
--5
07
5-
-F
R+
EN
G
ap por t  

de  r ech er ch e 
THÈME 1
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
Heuristics for Bandwidth Reservation in Multihop
Wireless Networks
Géraud Allard — Philippe Jacquet
N° 5075
January 2004
Unité de recherche INRIA Rocquencourt
Domaine de Voluceau, Rocquencourt, BP 105, 78153 Le Chesnay Cedex (France)
Téléphone : +33 1 39 63 55 11 — Télécopie : +33 1 39 63 53 30
 
	
	ﬁﬀﬁﬂﬃ
ﬀ! "	#$&%'(&
)!*!+,.-/
.0
1 2-
		ﬃ345ﬂ&67	
8:9<;>=5?@BA.CDCE=5;F@HGJIKLMCDLMNNPORQS=5TVU?OVW
X$Y[Z*\^]^_a`cbdFef]Fgihkj]
lmefnkeolpZ*\^]Fe
qsrptvuo]*lmwyx{z|]Frp}*ti\
bygvz[z|tVr~lyk](rp]F}/Y]Frp}/Y]5vv`<gvh[girfnŁvVv`_*z[gii]Fe
&F*ii
]zrftVz|t<e~]RlfYrp]*]Y]*h[rfxeolpx{}Felpt}*ti\^zhklp]'t ¡rptihklp]Feﬁx¢£g¤\h[¥¦lpx¢YtVz¨§x{rf]F¥¢]>efe
[]
lo§tirp©e}*ti[efxk]*rpx¢[.x{<lf]Fr~ª«]Frf]F[}
]>e)}
tV[eolprpgix¢<l/e*¬ﬁ­ElY[gie)®|]F]*zrpt¯i]>RlpY[glrp]Fef]*rp¯glpx¢tV°h|k]*r
efh[}/Y}*ti[x¦lpx¢tV[ex{egv.±yqJ²³}
tV\z[¥¢]*lf]azrftV®¥{]*\´¬Pµ'hr¶Y[]*hrpx{e~lfx}*e$girf]y®|gief]FtV·'x uo©ke~lfr/g¸ eefYtVr~lp]Fe~l
z|glfYgv¥{itVrfx¢lfY\"x{§Yx}/Y§]x{<lf]*Vrpgvlf]lfY]tvlpx¢tVtiªs®[gv[§x{lpY}Fgvz[gV}
x¢lonﬁx{tVrp]*r'lftﬁepglpx{e~ª«n
¹
t§ye¶rp]Fº<hx{rp]*\^]*<lpeF¬

]e~Y[t§§x¦lpYef]*¯V]*r/gv¥e~x{\h¥glpx¢tV[e#lfY[gvl&lpY]Fef]Y]*hrpxeolpx{}Fe[tvlti¥{n)gv¥{¥¢t§ye&}
tV\^zhklpgvlfx{ti»tvª|rptihlf]Fe
lpY[glsepg¼¯i]®[gv|k§x{klfYtvª|[t]Fe§x¢lfY^¥¢t§½}*gvz|gi}
x¢lon®hklPgi¥{eft'lfY[gvl[]
lo§tirp©)}*gvY[gi[k¥{]\^tVrf]y't< <²
¹
t§ye*¬
¾:¿<ÀSÁpÂÃ
Ä&iÆÅ
.Ytk}(]*lo§¶tVrf©SÇ['t< ÈÇk®[gv[§x{lpY´rf]>e~]Frf¯glpx¢tVÇY]*h[rfxeolpx{}
 
	 ^ﬁ	 0°)ﬁ -
 	#$&%'
) ﬀﬁ´)ﬁﬀ.0.	#	#&4ﬀ.).	
-
		#) 	).	 .-
 ))0´	)&	 ﬁ-220´-
	
    ±ytVh[eJzrptiz5tVefti|e&lfrptixeJY]*h[rfxeolpx{º<h]>eJz5]*rp\]*l~l/gv<ls¥¢]'}*gv¥}
h[¥[k]yrptihklp]Fesg¼¯V]F}y'h[gi¥¢x¢lfdyk]
 k]*rp¯<x}
]¶gv[eh»rfd>e~]>gvh\^ti®x{¥{]¶giYtk}Peftih\^xe'k]Fe&}
tV<lfr/gvx{Vlp]FeÈ¸ x{<lf]Fr~ª«dFrf]F[}
]>e*¬­³¥kgmd
lfd¶zrptih¯Vd
º<h]m¥{grpdFef]*rp¯glpx¢tVk]m®[gv[]yz[giepepgv<lf]ygi[esk]mlf]F¥{ePrfd>e~]>gvhkj]>eol¶hzrpti®¥{Z*\^]y±mqJ²E}*ti\^z¥{]
l>¬±mtVe
Y[]*hrpx{e~lfxº<h]Fe$efti<l®[giefd*]>e$e~hr¥M¸ gv¥{itirpx¢lfY\^](k]z¥{h[e}
tVhr~ly}/Y]F\^x¢´k]·mx uo©keolprpg^gi[e$¥{]Fº<h]*¥È[tih[e
g¼¯Vti[e¶x{Vlpd*Vrfd(¥g»[tvlfx{ti:k](®[gi[k]z[gVefepgv<lp]ag[.])efgvlfxeoª gix¢rp]'¥{]Fey®|]>e~tVx¢[e]Fe
¹
hkj´k]kti[d*]>e*¬
±mtih[eP\^ti<lfrpti[e¶g¼¯i]>}$z¥¢h|e~x{]*hr/ePefx{\h¥glpx¢tV[ePº<h]a}
]FePY]*h[rfxeolpx{º<h]>eP[]yz|]Frf\^]*l~lf]F<lz[gVePef]*h¥{]*\^]FVl
¸ d>}
ti[ti\^x{ef]*r¥g°®|gv[k]´z[gVefepgv<lp]ﬁk]>e^ﬁﬀh[e7g¼n<gv<l»h[]´ª gvx{®¥¢]:}Fgvz[gV}
x¢lfdiÇP\^gix{e^dFVgi¥¢]F\]F<l^k]
z5]*rp\^]
lflfrp](gih´rfd>e~]>gvhﬁ])e~hz[z|tVr~lp]*r$h´z¥{h[eir/gv|tV\®rp]k]
¹
hkjﬁg¼¯V]F}'h[gv¥{x¢lfd)k]) ]Frf¯x}
]i¬
ﬂÃ > Á ﬃ  ﬁ bd>e~]>gvh´giﬁYtk}vÇ|'t< ÈÇkrfd>e~]Frf¯glpx¢tVﬁk]®|gv[k](z[gVefepgv<lp]iÇY]*h[rfxeolpx{º<h]
 
		ﬀﬂﬁﬃ 	!!"#$%ﬂ'&'()*ﬁ+-,/.ﬂ0!(*	1	2ﬀ304	 5
6 7
»#7ﬀ.ﬁP
)
8Rti®x{¥¢]»gi²EYtk}]*lo§¶tVrf©keY[g¼¯V]rf]>}
]FVlp¥¢n´}
tV[}
]F<lfr/glf]>´g7\7giepe~x{¯i]rp]Fef]Fgirp}/Y´]9StirflF¬qJgir~lpx{}*h¥{girf¥{niÇ
efx{[}
]$\^ti®x{¥{]$gV²EYtk}P]*lo§¶tVrf©ke}
tV[efx{e~lJtvª|§x{rp]*¥{]Fepe[t]Fe&lfY|glPkt]Fe&tilsrf]>º<hx¢rp]$gvnzrp]
²E]
jkx{e~lpgi<l
x{kª«r/gie~lfrph[}2lphrp]slft}*ti\^\h[x{}Fglf]VÇti]$\»h[eolzrpt¯x{k]rptihklpx¢azrptvlpt}*ti¥e#x{tir/k]*rlft(\7gv©V]}*ti\^\hk²
[x{}Fglfx{ti:®5]
lo§]*]FRtkk]>eyz5tVepe~x{®¥{]i¬:8Rgi<n.zrptvlpt}*ti¥eyY[g¼¯V]®|]F]*Rz[rftVz|t<e~]>ÈÇ[®hlmlfY[]*n´]Fepe~]F<lfxgv¥{¥¢n
z[rft¯xk];-	<=> srptihklpx¢[)\^]F}/Y[gix{ef\7e¶efx{[}
]mlfY]Fn}
ti\^zhlf]mrptihlf]Fe¶§x¢lfYtVhklgi<n^z5]*rfª«tirp\7gv[}*]
}*ti[e~lfr/gvx{<lpeF¬
wmt§¶]F¯i]Fr\7gi<n.gvzz[¥¢x}*gvlfx{ti[e@? ]i¬ [¬\h¥¢lfx{\^]Fkxg7gvzz[¥¢x}*gvlfx{ti[e-Arf]>º<hx¢rp]e~tV\^]z|]Fr~ª«tVrf\7gv|}
]ih|gvrf²
gi<lf]*]>eBJg»zYtV]agizz¥{x{}Fglpx¢tV\7g¼n7]*]>g)¥{t§Brptihklpx¢[»k]F¥{g¼n^tiruox¢l~lf]FrFÇkz|gi}/©i]*lpee~]F<l®ng)¯xk]*t
gizz¥{x{}Fglpx¢tVﬁ\7g¼nY[g¼¯V]a}*]*rflpgix¢´®[gi[k§xlfY´ih|gvr/gv<lf]F]FeFÇ<]*lp}i¬¢¬{¬ Å ¥{¥lpY]Fef](rf]>ºVh[x¢rp]*\^]*<l/egvrp]atiª lf]F
<glpY]*rp]F.h[]*rlpY])lp]*rp\ tvª@CDE(Fﬂ$GH=@IJ"K-
¬:LhklM;-	$<=$>$rptihklpx¢[7\]>}/Y[gv[x{ef\7eygvrp]tvl
efhN}
x{]*<lyefx¢[}*](lfY]Fn}*gitilyY[gv[¥¢]efh[}/Yﬁrp]Fº<hx{rp]*\^]*<lpeF¬
 kti\^]§tirp©keY[g¼¯i]®|]F]* ktV]ª«tVr»efhzz5tirflfx{'h[gi¥¢x¢lontvª' ]Frf¯x}
]7ª«tVr»gV²MY[t}]
lo§tirp©ke*¬'t 
z[rftilftk}
tV¥{egirf]k]>e~x{i[]Flft°}
ti\^zhlf]gVk\^x{epe~x{®¥{]7rftVhklf]>e§Yx}/Y¤efgvlfxeoª«nti[]7tiref]*¯V]*r/gv¥'t rp]
²
º<hx{rp]*\^]*<lpeF¬DOtir']
jgv\^z¥{]iÇ|e~tV\]zrftilftk}
tV¥{e$z[rftVz|t<e~](lptz|]Fr~ª«tVrf\¥¢x{\^x¦lp]F:z|gvr/gv¥{¥¢]F¥rftVhklf]>e]
jkz¥{tv²
r/glpx¢tV[eJx{7tir/k]*rslft [|g)epglfxe~ª gi}2lptirpn)rptihklp]P? XQLqSR{_TUA2ÇtvlpY]*rsz[rftilftk}
tV¥{elprfn»lft]
jlf]F[^]
jkxeolpx¢
z[rftilftk}
tV¥{e¶lft^Y[gi[k¥{]»'t< V?M't <²
Å
µa·:WXR Ł#TEÇE8:qJ²³·( kb@R 5T#tVryµZY& kbXR [TﬂA
¬
8gvn§x{rf]F¥¢]>efegV²MY[t}azrptvlptk}
ti¥e]Fepe~]F<lfxgv¥{¥¢nh|e~]\$ 8
ÅZ]
\
Å
8
Å
\ zrptvlptk}
ti¥elft}*ti\^\h[x{}Fglp]
gi[.lfY[x{emx¢\^z¥{x¢]>eylpY[gl'rpgVkx¢t\]>kx{h\xeae~Y[girf]>.®|]*lo§¶]F]*:tkk]>e*¬yX$Yh[eFÇ[§Y]Fg7tkk]P^`_(e~]F[e
[glpglft´g[]*x{iY®|tVrmtkk]M^bavÇSlpY]lfr/gv[ef\^x{epefx¢tV:x¢<lf]Fr~ª«]Frpe'§x¢lfYgv¥{¥#lpY]^tkk]Fe'¥¢tk}Fglf]>R§x¢lfYx{°g
}*]*rflpgix¢cﬂEdU!0!-P0fegª«rftV\h^`_¼¬J­Eª§](lpgv©V](®[gv[§x{lpY:gie$tih[rz|]Fr~ª«tVrf\7gv|}
]az[gvr/gv\^]
lp]*r>Çkx¦l
xey}*rfh[}*x{gi¥Slft®5])g¼§$gvrp]mlpY[glm¥{x{©ke®|]*lo§¶]F]*´tkk]>emgvrp](tvlyxefti¥glf]>´gv[ﬁlfY|glyx{Vlp]*rfª«]*rp]*[}*]Fe\7g¼n
tk}F}
hr'§x¦lpYx¢e~]F¯i]Frpgi¥#YtVz[eyª«rpti\"lpY])lprpgi[e~\^x¢l~lp]*r>¬'­EªslpY])lprpgi[ef\x¢l~lpx¢[tkk]M^
_
x{<lf]*rfª«]*r/ey§x¢lfY
gitvlpY]*r$tkk]@^bi Ç+^bi(}*gitvly]Fx¦lpY]*ryef]*|tVrrf]>}
]*x{¯i](gvn[glpg§Y]Fj^
_
lfr/gv[ef\^x¦l/e*¬
Å
¥¦lpYtih[iY´lpgi©x¢x¢<lf]Fr~ª«]Frf]F[}
]>eyx{<lftgV}*}
tVh<lyª«tir't< .rptihklpx¢[e~tVh[em]Fepe~]F<lfxgv¥MÇ[ti[¥¢nﬁª«]*§Hzrptv²
lptk}
ti¥e7}
tV[efx{k]Fr^lfYxe}*ti[e~lfr/gvx{<l'?$L$bh­oXkR KTUA2¬£X$Y]RgvhlfYtVrpetvª@L$bh­oXzrptiz5tVef]Fg°rp]FgV}2lpx¢¯V]
gizzrptVgV}/Y:ª«tiralfY[]®|gv[k§xlpY°rp]Fef]*rp¯glfx{ti®[gief]Ftigrp]Fº<h]>eol
]
rp]*z¥{n´\]>}/Y[gv[x{ef\´¬»wyt§]*¯V]*r>Ç5g
z[rft<gi}2lpx¢¯V]x{gi¥¢tV.\»h[e~l)®|]}Fgvrprfx{]Ftihkl)®5]
lo§]*]Ftkk]Fe(lptRe~]F[®[gv|k§x{klfY}*giz[gi}*x¦lonRx{kª«tVrf\7g²
lpx¢tV[e(®[gVe~]>tV°x{<lf]*rfª«]*rp]*|}
]Fea]F¯¼gi¥¢h|glfx{ti#¬

Y]F]*¯V]*r)g.tkk]^§xe~Y]>ealft.lfr/gv|e~\^x¢lgR't 
¹
t§Ç
x¢l$®rft<gi}Fgie~lpe¶grp]Fº<h]>eolz[gi}/©V]
lFÇ}
tV<lpgvx{x{x¢lpe®[gi[k§xlfYﬁrf]>º<hx¢rp]*\^]FVl>Ç<lftz|]Fr~ª«tVrf\gv.gik\^xeo²
efx{ti}
ti<lprftV¥&§x¢lfY[x¢lfY[][]
lo§tirp©5¬µ'¥{nRtkk]>eefgvlfx¢ª«n<x{.lfY[x{e®|gv[k§x¢lfYrp]Fº<hx{rf]F\]F<laª«tVrf§$gvr/
lpY]yrp]Fº<h]>eol>¬

Y]F7lfY[]yrf]>º<h]Fe~lPz[gV}/©i]
lsrp]FgV}/Y]Fe&lpY]']Fe~lfx{[glpx¢tVÇVx¢l¶ef]*[[es®[gV}/©»grp]*z¥{n\^]>efepgvV]
lpYrptihVYlpY]rftVhklf]'lft7z5]*rfª«tirp\ﬃ]!95]>}2lfx{¯i](®[gi[k§xlfY´rp]Fef]*rp¯glfx{ti#¬
­ElyY|gie$®5]*]*:z[rft¯V]Fx{lR mTMÇlfY[gvly®[gv[§x{lpY:rf]>e~]Frf¯gvlfx{tix{:gi²EYtk}a]
lo§tirp©ke$}
ti|e~xk]*rpx{^x¢<lf]Fr~²
ª«]Frf]F[}
]>e}
tV[eolprpgix¢<l/eM?onQUﬁlﬀﬂUﬁpﬃ qrﬂsﬂtevu-,+gﬂGjnD0[;!(*!qrAx{egi±mqJ²³}
ti\^z¥{]
lp]7zrpti®¥{]*\
gi[.lfY[]*Y[]*hrpx{e~lfx}*em\h[e~l'®5])ª«tVh[´lptg¼¯itVx{.lpYxemxefefh]V¬yX#tﬁ®|]»zrf]>}
xe~]VÇ[x¢laxemgi±yqs²E}*ti\^z¥{]
lf]
z[rftV®¥¢]F\ ]*¯i]F x{½x¢lpex{[}
rp]*\^]FVl/gv¥¶ª«tirp\ §Y]*grptihlf].Y[gielft®|].ª«tVh[ ª«tir^g]F§
¹
t§lpY[gl
t<]>e(tvl)kxe~lfhrp®°]*jkx{e~lfx{:}
tV]
jkx{ti¬­³°lfYxe§tirp©:§¶]zrptiz5tVef]efti\^]^Y]*h[rfxeolpx{}Fealft:}
tV\^zhklf]
gVk\^x{epefx¢®¥{]$rftVhklf]>e&x¢^e~h|}/Y»]*lo§¶tVrf©keF¬X$Y]$tVrf<gvx wFgvlfx{ti)tiª[lfY[]z[gvz5]*rxeJgie&ª«ti¥{¥{t§ye*¬­³^ ]>}2lpx¢tV­f­
§](]
jkz5tVef]atVhr]*lo§¶tVrf©7\^tkk]*¥MÇ| ]>}2lpx¢tV.­f­~­$k]Fep}
rpx{®|]>e$Y]*hrpxeolpx{}Fegv[.x{: k]F}2lpx¢tV´­dW e~x{\h¥glpx¢tV
rp]Fefh¥¢lpegirf]a]
jkYx{®x¢lf]F¬

])}*ti[}*¥¢h|k]alfY]z[giz|]Frx¢R ]>}2lpx¢tVHW»¬
y`y{z|E}~-}
   (ﬂ(x0 n[
	!E

345ﬂ&6 )ﬁﬀ!
»$&$.¶	  7ﬀﬁ-*	
­³tir/k]*r'lftﬁh[k]Frpe~lpgi[´lfY[]»zrpti®[¥¢]F\"r/gvxef]F´®n:x¢<lp]*rfª«]*rp]*[}*]FeFÇ|¥{]
l(h[ea}
ti|e~xk]*r'lfY[]»]*lo§¶tVrf©´gie
g´h[[kx{rf]>}2lf]>ir/gvzY2¬'Y]*l
ﬀﬁﬂ7Çﬃ'gi[R}Fgv¤}*ti\^\^\hx}*gvlf]p?= ﬂ!e~]F[z[gi}/©V]
lpe
lpt7]FgV}/Y.tilfY]Fr-Ax¦ªsgv|ﬁtV¥{nﬁx¢ª"#
ﬀ$ﬁ¬$·']*[tvlf]®<n&%'()$lfY[]Mﬁf<$ﬁE1,v!FeKﬁE;-0ﬁ+KK:tvªtkk]*/¬
+¶gi}/Ytkk],JY[g¼¯V]mg»}*]*rflpgix¢®|gv[k§xlpYﬁ}*giz[gi}*x¦lon^rp]*zrp]Fef]*<lp]F^®ng)h\»®|]Fr¶tiª ;-ﬀUﬁjsﬂ	
-
'f¬
.m¥{x¢©V]§x{rf]>:]
lo§tirp©ke*Ç|¥¢x{©ke'x¢gvgV²MY[t})]
lo§tirp©.girf]tvl(x{efti¥glp]F:gi[Rg7lprpgi[ef\xepe~x{ti:®5]
²
lo§]*]F°gﬁtkk]/ygv[°g[t]0.V]*]Frpgvlf]>emx{<lf]*rfª«]*rp]*|}
]Feax{RlpY]^]*x{iY®5tirpYtttvªP[t]1/¬P8Rtirp]
z[rf]>}
xe~]F¥¢nVÇÈx¦ª§¶]7}
tV[efx{k]FralfY[gvl(x{<lf]Fr~ª«]Frf]F[}
]>eagirf]zrptiz[giVgvlf]FR§x¦lpYx¢32/4^YtVz[e'ª«rftV\ lfY]lprpgi[eo²
\^x¢l~lp]*r>Çtkk]Fe$x{5% '  2 4 $gvrp]akxe~lfhrp®|]>.®<nlfY](lprpgi[e~\^xefefx{ti¬
Y]*l)h[e)ef]*]7t§ Yt§rp]Fef]*rp¯glpx¢tV[ea\h[e~l)®|]¥¢tk}*gi¥¢¥{nRz5]*rfª«tirp\^]F°x¢]F¯i]*rpn:tkk]>e*¬ Y#]
l*agv[5
lo§t[t]Fe$e~h|}/Yﬁgie6 78$9ﬁ&7¬ Y#]
l":´®5](ggvlpg
¹
t§ lfr/gv[ef\^x¦lflf]>7ª«rpti\tkk],lfttkk]"§Yx}/Y
rp]Fº<hx{rp]Fe@^ h[x¦l/e»tiªy®[gv|k§x{klfYlpt®5]ﬁ}
tVrfrp]F}
lf¥{n°Y|gv[k¥{]i¬X$Y]lpYrp]*]7ª«tV¥¢¥{t§x¢[Rrfh[¥¢]>e)\h|eol^®|]
tV®[ef]*rp¯i]Flft^z5]*rfª«tirp\ g^}
tirprp]F}2l$®[gi[k§xlfY´rp]Fef]*rp¯¼gvlfx{tiª«tir;: B
<
tkk]\h|eolmrp]Fef]*rp¯i]^hx¢lpe'tvªJ®[gi[k§xlfYRlft7lprpgi[e~\^x¢lylfY[]»gvlpg
¹
t§=:&¬­Elpemrf]F\7gvx{x¢[
}*giz[gi}*x¦lon®5]F}*ti\^]Fe
-
'?>c^
<
tkk]Fe)x¢3%
'
 2
4
(\h[e~l)gv¥e~t´rp]Fef]*rp¯i]M^ h[x¦l/etvª$®[gv|k§x{klfYe~x{[}*]H\$ 8
ÅZ]
\
Å
zrftilftk}
tV¥{e
¥¢x{©i]»­@+A+A+CBi<Łk¬{_i_(ª«tirp®x´lfr/gv|e~\^xefefx¢tV[eFÇª«rpti\tvlpY]*r'tkk]FeFÇSx¢:lpY]x¢<lf]Fr~ª«]Frf]F[}
]rpgii])tiª
/¬
Å
e]*jkz¥{gix¢[]F°x¢ R  TEÇ#lpY]*rp]7gvrp]^efti\^]7}*gVe~]>e(§Y]*rp]lfr/gv[ef\^x{epefx¢tV[e(\7g¼nR®|]7z5tVepefx¢®¥{]7x{
lfY]x{<lf]Fr~ª«]Frf]F[}
](r/gvV]'tiªﬃ/Çk®hkllpYxex¢ª«]*r/eg»\^tkkx |}*gvlfx{ti´tvªlfY] 8
Å
\ zrptvlptk}
ti¥M¬X$Y<h|e*Ç
]FgV}/Yﬁtkk]Dx{E%'F214Y[g¼¯V]agrp]*\7gvx{x{7}*giz[gi}*x¦lon
-HG
>c^
<
x¦ª)gtkk]ID x{ﬂ%6JK2
4
7ef]*|egvlpgkhrpx{tkk]5)lprpgi[ef\xepe~x{ti ÇA§x{¥¢¥'tvl®5]gi®¥¢]
lftR}*tirprf]>}2lf¥{nRrp]F}*]*x{¯i]lfY]ﬁgl/gª«rpti\L'efx¢|}
]MDlfr/gv[ef\^x{epefx¢tV°§x{¥¢¥Px¢<lf]Fr~ª«]Frf]7§x¢lfYlpY] [r/eol
ti]V¬ t[ÇS]>gi}/YRtkk]D:x{N%0JK 2
4
y\»h[eol(rp]Fef]*rp¯i])°hx¢lpe(tvªs®|gv[k§xlpYgi[´lfY[]*Y[g¼¯i]g
rf]F\7gvx{x¢[^}Fgvz[gV}
x¢lon
-HG
>V^
±mtvlpx{}*]»lpY[gl)x¢ªg.tkk]7\^]F]
lpeef]*¯V]*r/gv¥&rfh[¥¢]>eaª«tir)g.ix{¯i]FRlfr/gv|e~\^xefefx¢tVÇÈx¢le~YtVh¥tV¥¢n°}
ti|e~xk]*r
tV](tvªlfY]>e~]rph¥{]FeF¬
Xt7e~h[\\7girfx w*]VÇlfY](ª«tV¥¢¥{t§x¢[»rph¥{](}Fgv´®5]h[e~]>%B
  g	 ﬂO%
'
2
4
QP%6JK2
4
 qMf	- 0	!"D^ Eﬂ$	  ;1ﬀUﬁo -11!()GﬁE(*PrgdSRQﬀ
;-!$ﬀ3-!p3 T ﬀ`ﬁ1ﬁp0
	!ﬂ0	D^ Eﬂ$	   ;- ﬀUﬁvR m#TE¬

]}Fgv:e~]F]tipO&x{ihrp]7_)gv´]
jgi\z[¥¢]tiª®|gv[k§xlpY:rf]>e~]Frf¯glpx¢tVª«tVrmg7gvlpg
¹
t§Ç[ª«rftV\ tkk]
Å
lpt^tkk]0+yÇ§Yx}/Y.rf]>ºVh[x¢rp]Fe$tV](hx¢lytvª®[gv[§x{lpY¬
­³´lpYxe]
jgv\^z¥{]iÇ|§¶](l/gv©V]*2
40UWV
¬
Å
e'e~Yt§´tVjO&x{ihrp]7_g?Dg A
Ç]FgV}/Y.[t]eol/gvrflpe§x¢lfY_>^hx¢lpe
tiªJ®[gv[§x¦lpY¬m­³RtVrp]*rlptY[gv|k¥¢]lfY]
¹
t§ ®|]*lo§¶]F]*
Å
gv['LaÇ5tkk]Fe
Å
Ç LaÇJ\'Ç O¡gv[X \»h[eol
rp]Fef]*rp¯i]'ti]h[x¦lytiª®[gi[k§xlfY#¬
O[tir:L¶²=\
¹
t§Çktkk]>e
Å
ÇELaÇ\'Ç·gv[5X\h[e~lrf]>e~]Frf¯V]'tV](®[gv[§x{lpY´hx¢lFÇ]*lp}v¬{¬{¬
Å
\xepe~x{titiªg)rptihlf]iÇ<ª«tVrg»]*§B[glpg
¹
t§¡lpY[gl$rf]>º<hx¢rp]Fe3^Rhx¢lpetiª#®[gv|k§x{klfYÇk§x{¥¢¥SVtx{lo§t
e~lf]Fz[eB
<
-q,dtiª&grptihklp]a§x¢lfY:g^Vx¢¯V]*Y[]*hrpx{e~lfx}
Y#Z yY\[
 
		ﬀﬂﬁﬃ 	!!"#$%ﬂ'&'()*ﬁ+-,/.ﬂ0!(*	1	2ﬀ304	 
A
B
C
D
10
F
G H
E
10
10
10
10
1010
10
 
Z
	
A
B
C
D
10
F
G H
E
10
9
9
9
9
9
10
 
	[

A
B
C
D
10
F
G H
E
10
9
8
8 8
8
9
 ﬀﬁ
	ﬂﬃ 
A
B
C
D
F
G H
E
9
8
7
7
7
9
98
 !
	"ﬃ #
A
B
C
D
F
G H
E
9
8
7
7
6
8
87
 


	$#
%
O&x¢Vhrp]_gBJb]Fef]*rp¯glfx{ti.]
jgi\z[¥¢]aª«tiryg^gvlpg
¹
t§
<
[q
	-	 -E0(sz|]Fr~ª«tVrf\^]>Rª«tVra]>gi}/Y°tkk]/y¥¢tk}Fglf]>R§x¢lfYx{32
4
Ytiz[eaª«rpti\lpY]7rptihklp]
lft}/Y]>}/©§Y]*lfY]FrlfY]rp]*\7gix¢x{^®[gi[k§xlfY
-
'J\^]*]*lpe$lpY]rp]Fº<hx{rf]F\]F<lpe$tvª&lfY[x{e
¹
t§¬s­Eª
-
'>c^"&('lpY]*´lpY]
¹
t§¨xerp]ouo]>}2lf]>È¬
X$Y[]\7gix¢^gvx{\ tvª|lfYxe§tirp©5Çxe&lft [|7't Y]Fhrpx{e~lfx}*e&§Yx}/Y}*ti\^zhklp]Fe:;- ﬀﬂﬁ<=ﬀ31mrptihlf]Fe
x{:g§x¢rp]*¥{]Fepe\h¥¢lfx{Ytiz´]*lo§¶tVrf©efh®kuo]>}2lp]Fﬁlft^x{Vlp]*rfª«]*rp]*[}*]FeF¬
) *
	#¶20&
) )¡ﬁﬁ&*	È
	
L]*ª«tirp]®|]Fix{x{RlpY]ﬁ]Fep}
rpx¢zklpx¢tVtvªa't Y]*hrpxeolpx{}Fe*ÇJx¢l»xex{\^z|tVr~l/gv<llptRz5tix{Vltihkl§Y[gl§¶]
]*jkz|]>}2l(ª«rftV\ lfY[]Fef]Y[]*hrpx{e~lfx}*eF¬8gvn ;-	<=> mrptihlfx{ﬁz[rftilftk}
tV¥{eah[ef]7gﬁefYtirflf]>eolz[gvlfYgv¥{iti²
y`y{z|E}~-}
m   (ﬂ(x0 n[
	!E
rpx¢lfY\ ?1! e ¶·mx uo©keolprpg[¸ e Å ¥¢Vtirpx¦lpY\ Aslpt7}
ti\^zhlf](rftVhklf]>e*Çk®[hklme~h|}/Yzrptvlpt}*ti¥e\x{iY<ltilefhx¢lytihr
rp]Fº<hx{rp]*\^]*<lpe$efx¢|}
]alfY]Fnﬁkt^tillpgi©i](x¢<lpt^gV}*}*tih<l$lfY])}*ti[e~lfr/gvx{<ltiª&[t]Fe}*giz[gi}*x¦lonV¬
O&x{rpe~lFÇ't< Y[]*hrpx{e~lfx}*e&\»h[eolJt[95]Frg'®5]
l~lp]*rJrptihklp]Fegi\xepe~x{ti}*gvz|gv®x{¥¢x¢lon(lfY|gv»g(}*ti\^\^ti»efYtVr~lp]Fe~l
z|glfY7gi¥¢Vtirpx¦lpY\´¬#­³^tvlpY]*rs§tir/eFÇ§¶]]*jkz|]>}2lJlfY[]y]
lo§tirp©(lftY|gv[k¥{]\^tirp]$lfr/g |}
¹
t§ye§x¢lfYﬁ't 
Y[]*hrpx{e~lfx}*elpY[gv.§x¢lfYtVhklF¬
±m]
jlFÇ[§¶](§$gv<l$lfY]'t< Y]Fhrfxe~lfx}*elftepg¼¯i]'®[gv|k§x{klfY´tvªtkk]FelpY[glyY|g¼¯i]a¥¢t§ ®[gv[§x{lpY:}*g²
z|gi}
x¢loni¬s t|Çkx¦lxee~h[x¦l/gv®¥{]alfY[gvlm't Y[]*hrpx{e~lfx}*e$}/Ytt<e~]VÇgVe$g»z[rfx{tirpx¦lonVÇtkk]Fe$§x¢lfY.Yx{iY´}*gvz|gi}
x¢loni¬
8Rtirp]*t¯i]FrFÇJx¢l7x{ee~hx¢lpgi®¥{]ﬁlpY[gl7rptihklp]Fe7girf].tvl^lpt<t¥{ti B´rptihklp]Fe^\7g¼n®|]:¥{ti[i]*rlpY[gv½lfYt<e~]
}*ti\^zhklp]F§x¦lpYﬁgefYtVr~lp]Fe~l¶z[gvlfYﬁgi¥¢Vtirpx¦lpY\ ? ª«tirx{[eol/gv[}*]iÇ¥{tiV]*rz[glpY[eP\7g¼n^®5]'h[ef]Flft»®<nz[gVefe
efti\^]^tkk]>e(§x¦lpY¥{t§}Fgvz[gV}
x¢lonA
Ç®hkl)x¢l)xex¢\^z5tirflpgiVl(lpt´ef]*]lpY[gllpY]^¥¢tVi]>eol)g.rftVhklf]^xe*Ç#lfY]
¥gvrpi]>eol$x{Vlp]*rfª«]*rp]*[}*]Fez5tvlf]F<lfxgv¥{¥¢n.gvrp]i¬
­³°tir/k]*ralptﬁ\^]*]*l(lfY]>e~]x{epefh]FeFÇSlfY]lpYrf]F]'t< ´Y]Fhrpx{e~lfx}*ea§]»zrp]Fef]*<l(x¢°lfY[x{e(z[giz|]Frgvrp]»®[gVe~]>
tV7\^tx |}Fglpx¢tV[ePtiª   T04	$0 	( egﬂﬂﬁqﬃx{§Yx}/Y§¶]'x¢<lprftkkh[}*]lfY[]mtilfx{titiªS[t]Fe}*gvz|gi}
x¢loni¬
X$Y[x{e(x{\^z¥¢x{]FealpY[gl)gﬁtkk]7e~Y[tih¥Y|g¼¯i]^g¯xe~x{titvªslpY]7]*lo§¶tVrf©.lftVz|tV¥¢tVinV¬»X$Yxe(z[gvz5]*r(xe(tvl
}*ti[}*]*rp]F§x¦lpYlptiz5ti¥{tiVnkx{ep}
t¯V]*rpn»®[hkly§¶](}*giﬁx{\7gvVx¢](gvﬁh[k]Frf¥{nx¢[\^]>}/Y[gvxef\ﬃe~x{\^x¢¥gvrlft
¥{x{©<²Ee~lpgvlf](rftVhklfx{^zrptvlpt}*ti¥e*¬
 
		ﬁﬀﬃﬂ! 	"	#$ﬂ%ﬂ'&()+*,-/.$ﬀ10203ﬀ1!45+6ﬂ'&7ﬂ'ﬀ	
­³.lpY]}
ti\^\^ti8 P T04#	09 	 ( egﬂﬂﬁq»Ç|]FgV}/Yﬁ]>ki]#
8 9ﬁ5 x{emgiepe~tk}
xglp]F§x¦lpY´g§]*x{iY<l:<;
'>=
J6?
¬
·']*[tvlf]®<nA@CB¡lpY]efh\"tvªJ¥¢x{©ke§]*x{iY<lpemgv¥{tig^z[gvlfYAD
U$E
^`_=^ba GFGFHF 0^,IKJ _=^,IML@? xD¬ ]i¬'@NB
U
O
:%;QPSR
=
PSRQTU
?

V
&  &WV >
V
A2¬JX$Y]it<gv¥StvªJ·'x uo©ke~lfr/g¸ egv¥{itirpx¢lfY\xe$lfY[]*.lft^\^x¢[x¢\^x w*]X@NBm¬
X$Y[]mxk]FgtvªÈlfY[x{e [r/eoly't< ^Y]Fhrpx{e~lfx};2
_
xePlft»}/Y[t<t<e~]mtkk]Fe¶§x¦lpYrp]*<gvr/lpt)lpY]*x{r}*hrprf]FVl}*gvz|gi}2²
x¢lfx{]Feagv|:lftﬁ\7gjkx¢\^x w*]lfY]®[gv|k§x{klfY°g¼¯gix¢¥gv®¥{]gi¥¢tVlpY]»z|glfY#¬'­³°tvlfY[]*ra§¶tVrpem§¶]»§gi<lmlft
\^x{x{\x w*])lfY])x{¯i]Frpef](tvªJtkk]Feyrf]F\^gix¢[x¢7®|gv[k§xlpY¬Q8:tirp]zrp]F}
xef]*¥{niÇ§])}
tV[e~xk]FrlfY[gvlm]FgV}/Y
[t]x{eagiepe~tk}*x{gvlf]F´§x¢lfY°g§]*x{iY<l:
'
]>º<h[gv¥#lftlpY]x{¯i]Frpef])tvªsx¢lpe'rp]*\7gvx{x{®[gi[k§xlfY ?= ﬂ!
:
' U
_
Y
R
A
¬X$Y[])zrpti®¥{]*\"gv\^tih<llptZ   T04	$0 	@	0ﬁ+d	-`,EUﬁ%( etﬂUﬁfqÆefx¢[}*](lfY]ti®kuo]>}2lfx{¯i]tiª
2
_
xe¶t§ lpt}
tV\^zhklf]agrptihklp]Q^
_
0^
a
GFHFGF 0^
IKJ _
=^
I
§Yx}/Y7\^x¢[x¢\^x w*]Fe
O
_
Y\[
R

V
&  &WVo¬X$Y<h|e*Ç
g.¥gvrpi]^§]*x{iY<lx{e)gi¥¢¥{tk}*gvlf]Flft:[t]Fe§Yx}/Y®[gv[§x{lpY¤}*giz[gi}*x¦lonRxe(¥{t§¬ﬁ x{[}
]^lpY]7Y]*h[rfxeolpx{}
lprfx{]FePlft\^x¢[x¢\^x w*] @
B
Ç<x¢lx{e]>giefn»lptef]*]mlfY[gvl$}*ti\^zhklp]FrftVhklf]>e¶§x{¥{¥|lp]*[lft®n<z|giepePtkk]>eP§x¢lfY
¥{t§®[gi[k§xlfY}*gvz|gi}
x¢loni¬cOtVr»x{[e~lpgv|}
]iÇPx¦ª
-
'*U
'RlfY]F:
'U_^
gv[¤lfY]F (§x¢¥{¥$]*¯V]*r®|]
}/Y[tVef]*®n&2
_
lpt^rftVhklf]'t< ²Mz[gV}/©i]*lpeF¬
a` bdce!	ﬂfﬀﬃﬂgﬀ10h '	ji%k/l '	
·']*[tvlf]®nM2
P
lfY]V]*]Frpgi¥¢x wFgvlfx{titiªlpY] [r/eol''t Y]Fhrpx{e~lfx}giepe~tk}*x{gvlf]F§x¦lpY.lfY]§]*x{iY<l:
' U
_
Y
[
R
 ;ﬁ3¬X$Y]xk]FgﬁtvªJlpY]^e~]>}
ti|:Y]*h[rfxeolpx{}x{e'lpY]ª«tV¥¢¥{t§x{pBy§Y]F]*¯V]*r(grptihklp]»kxep}
t¯i]Frfn
ª gix¢¥e'§x¦lpY 2 _ ?= ﬂ!([tﬁgi\xepe~x{®¥{]rptihklp])Y[gie'®5]*]*Rª«tih[§x¦lpY 2 _A
ÇgvtilfY]Frylfrpn.x{eaz5]*rfª«tirp\]>
§x¢lfYE2 av¬J­Eªg)ª gix¢¥{hrp]'tV[}
]gv<gvx{tk}*}*hrpe§x¢lfYﬁlfYxe$]F§¨§]*x{iY<lFÇkgv[tvlfY[]*r¶lfrpnx{ez5]*rfª«tirp\^]F§x¢lfY
2
i
]
l/}v¬F¬*¬*¬Pµ']}Fgvﬁef]
lyg»®|tVh[dm gv[.efg¼n^lpY[glx¢ªt^gi\xepe~x{®¥{]arptihlf]aY[gie®5]*]*ﬁª«tih[[§x¢lfY
2onmÇklfY]rptihlf]kxef}*t¯i]*rpn7k]|x¦lp]*¥{nª gix¢¥{]FÈ¬
­³.lpY](rf]>eolytiª#lfY[x{ez|gvz5]*r$lfY[x{e@ﬂ 1qrso(ﬁ+!
	$x{ek]Ftvlp]F.®nM2
­³[}
¬
Y#Z yY\[
 
		ﬀﬂﬁﬃ 	!!"#$%ﬂ'&'()*ﬁ+-,/.ﬂ0!(*	1	2ﬀ304	 
a 
	l	 ﬀ ﬂ  	j)+*, S.ﬁﬀ10 03ﬀ1!45+6ﬂ'& ﬂ'ﬀ'	 ﬂ'	  &ﬃ  ﬀ1

 ﬀeﬀe
wm]*hrpxeolpx{}Fe2
P
gvrp]ti[¥¢n}
tV[}
]Frf]>§x¦lpY }*giz[gi}*x¦lontvªtkk]>e)lpY[gl^gvrp]7¥¢tk}*gvlf]>tilpY]rptihklpx¢[
z|glfY#¬ Lhklx¢ª§¶]t§"}*ti[efxk]*r}Fgvz[gV}
x¢lon tvª)gV¼u~gi}*]*<ltkk]FeFÇ$Y]*h[rfxeolpx{}}
ti\^]>e}
¥{tVef]*r^lptlfY]
[]
lo§tirp©\^t]*¥gi[ﬁlfY]FRtkk]>eY[g¼¯i])g^\^tVrf])gV}*}
h[rpgvlf](¯x{efx¢tV´tvªlfY]Fx¢r']*x{iY®5tirpYttk]!95]>}2lfx{¯i]
}Fgvz[gV}
x¢loni¬
X$Yh[eFÇk§]az[rftVz|t<e~]g»lfYx{r/ﬁY[]*hrpx{e~lfx}62%4§Y]*rp](tkk]Fe$§]*x{iY<lpegirf] B
:' U

J
R ;
_ ?
	 '
V
-
J
:"F(&ﬁ5
­Eªsg7[t]*PY[gVey]Fx¢VY®|tVrpe$§Yx}/Y:®[gi[k§xlfYR}Fgvz[gV}
x¢lonxey¥{t§Ç:'P®5]F}*ti\^]Fe¥gvrpi]gi[52% §x{¥¢¥
g¼¯Vtix´}/YttVefx¢ª«tVrmrptihklpx¢|¬:OtVr']*jkgi\^z¥¢]x¦ª EﬁI%' V mgv[
- J
U 'Ç|lfY[]*C:' U7^ gv[52 %
§x{¥{¥[]*¯i]Fr}/Y[t<t<e~]ﬁxª«tir't< <²Erptihklpx¢|¬°­El7xex¢\^z5tirflpgv<l»lfttvlp]lpY[gl7gv¥¢lfYtVhiY lfYxeY]*h[rfxeolpx{}
z[rft¯xk]Feag.\tVrf]^gi}F}
hr/glp]¯xe~x{titvª$}*gvz|gi}
x¢lfx{]FeFÇÈx¢l(x{\^z¥{x¢]>egﬁY[x¢VY]*r}
tV\^zhklpgvlfx{ti}
ti\^z¥{]
jkx¢loni¬
8Rtirp]*t¯i]FrFÇ<ti[](}Fgv´k]*[tvlf](®n 2 %
P
lpY]Y]Fhrfxe~lfx}'§]*rp]iÇ
:
'ﬃU

J
R ; P
?
	
'
V
-
J
:"F(&ﬁ5
­Eªk§]P}
tV[efx{k]FrÈlfY|glx{<lf]Fr~ª«]Frf]F[}
]>eÈzrptiz[giVglp]FeS§x¢lfYx{ ^ YtVz[eÈª«rpti\ lfY]slfr/gv[ef\^x¦lflf]*r>Ç2%
P
]*jkgV}2lp¥¢n
\7gvlp}/Y:lpY]»x{<lf]Fr~ª«]Frf]F[}
]>em}
tV[e~lfr/gvx{Vl'tvªslpY]]*lo§¶tVrf©.®hkl(x¢lpe(}
tV\z[¥¢]*jx¢lon´x{e'\h|}/YR\^tirp]Yx{iY]FrF¬
 kt§¶]yY|g¼¯i]$lft[[7g)}*ti\^zrpti\^x{ef]$®|]*lo§¶]F]*}*ti\^zhkl/glfx{tiefz5]*]F7gi[7gi}F}
hr/glp]$\tkk]F¥[\7gl/}/Yx{[¬
 
 ﬁ-*(
)	#.-/	
­³.lpYx{e'e~]>}2lpx¢tV.§]zrp]Fef]*<lrf]>e~h[¥¦l/etvªJe~x{\h[¥{gvlfx{ti[ey}*ti[h[}2lp]Fﬁlft}*ti\^z[gvrp](z|]Fr~ª«tVrf\7gi[}
]>e$tvªlfY]
Y[]*hrpx{e~lfx}*e$§](zrp]Fef]*<lf]>tV´ ]>}2lpx¢tV.­f­~­2¬
­³¤lfY]>e~].e~x{\h¥glpx¢tV[eFÇ&§]}*ti[efx{]*r»g
V
' ' '
V
' ' '
¹
glgirf]>g¬pY#]
l^ ®5]lpY]h\»®|]Fr»tiª
§x{rp]*¥{]Fepetkk]Fe»gv[ﬁlpY]*x{r»}*ti\^\h[x{}Fglpx¢tVrpgii]p?= ﬂ!g:tkk]H^`_^}*girf]>}
]Fx¢¯V]gl/g´ª«rftV\g
[t]^bax¦ª¶lfY]^kxeol/gv[}*]®5]
lo§]*]*V^`_)gi['^ba»x{ea¥{]FepemtVr']>º<h[gv¥lftA2¬)·']*tilf]®<n7lfY]^g¼¯i]Frpgii]
]*irp]*]tvªJlfY[]»]*lo§¶tVrf©.ir/gvz[YRgv[:¥{]
lﬀ
Uﬁ
P
¬

Y]*[]*¯i]Frﬂ¤®5]F}*ti\^]Fea}
¥{tVef]lpt_iÇSx{<lf]*rfª«]*rp]*|}
]Fe
lp]*[ﬁlptz[rftVz[gv<glf]ax{ﬁlpY]§YtV¥¢](]*lo§¶tVrf©S¬
­³.gv¥{¥5lfY]>e~](e~x{\h[¥{gvlfx{ti[e¶§¶]a}
tV[e~xk]FrPlpY[gl"2/4
UCV
?  ﬂ Px¢<lf]Fr~ª«]Frf]F[}
]>ePz[rftVz[gv<glf]>es§x¢lfYx{_mYtVz
ª«rpti\ﬃlfY](lprpgi[e~\^x¢l~lp]*rA2¬

]^}
ti|kh[}2lp]Fe~]F¯i]Frpgi¥efx¢\»h¥{gvlfx{ti[ea§x¢lfY
V
' ' ' & ^(&
Vﬃ
' '[Ç
ﬃ
' &  &"! ' 'gi[R§]^}
ti\^z[girf]>
z5]*rfª«tirp\7gv[}*]Fetvª·mx uo©keolprpg[¸ eme~YtVr~lp]Fe~lz|glfY:gi¥¢Vtirpx¦lpY\´Ç$2 _vÇ 2
­³[}
gv[E2% _yY[]*hrpx{e~lfx}*eF¬
# $j#7 	9 ﬀﬃ0 ,)	9*'!	&%<ﬀ4 
­³RlfY] [r/eol(e~x{\h¥glpx¢tV[eFÇ|§]}*ti[efxk]*rmlfY[gvlagv¥{¥tkk]Fe'x{:lfY]]*lo§¶tVrf©.Y[g¼¯i]vihx¢lpeatvªs®[gi[²
§xlpY¬ﬁX$Y]FÇ&§¶]^lprfn:lpt:x¢|e~]Fr~l>ÇtV]^®<n°ti]VÇ¶_>iV´'t <²
¹
t§ye*ÇÈ®5]
lo§]*]Fr/gv|kti\e~tVhrp}*]Fe(gv|
y`y{z|E}~-}
B   (ﬂ(x0 n[
	!E
 0
 200
 400
 600
 800
 1000
 1200
 0  200  400  600  800  1000
N
um
be
r o
f a
cc
ep
te
d 
ro
ut
es
Number of flows
Dijkstra
H1HIncHN1
O&x{ihrp])ŁBJ­³[ef]*rflfx{tiﬁtvª$_FVi
¹
t§ye¶ª«tirQ^
U V
! ' '[Ç 
U=V ﬃ
'gv| 
U
'F '

¬
 0
 200
 400
 600
 800
 1000
 0  0.05  0.1  0.15  0.2  0.25
n
u
m
be
r o
f a
cc
ep
te
d 
ro
ut
es
pi
Dijkstra
H1HIncHN1
O&x{ihrp]@5+BJ±yh\»®|]Frytvª&x¢|e~]Fr~lp]F.rftVhklf]>e¶ª«tirykx*95]Frf]F<ly¯¼gi¥¢h[]Fe$tvª 
Y#Z yY\[
 
		ﬀﬂﬁﬃ 	!!"#$%ﬂ'&'()*ﬁ+-,/.ﬂ0!(*	1	2ﬀ304	  
 0
 50
 100
 150
 200
 250
 300
 350
 400
 450
 500
Bandwidth
 0
 200
 400
 600
 800
 1000
Number of flows
 0
 5
 10
 15
 20
 25
 30
 35
 40
 45
 50
Number of nodes
 
#  

 [
	

 
 0
 50
 100
 150
 200
 250
 300
 350
 400
 450
 500
Bandwidth
 0
 200
 400
 600
 800
 1000
Number of flows
 0
 5
 10
 15
 20
 25
 30
 35
 40
 45
 50
Number of nodes
 
 
	 
ﬀ
 0
 50
 100
 150
 200
 250
 300
 350
 400
 450
 500
Bandwidth
 0
 200
 400
 600
 800
 1000
Number of flows
 0
 5
 10
 15
 20
 25
 30
 35
 40
 45
 50
Number of nodes
  ﬀ
 
	 
ﬀ
Yﬂz
ﬀ
 0
 50
 100
 150
 200
 250
 300
 350
 400
 450
 500
Bandwidth
 0
 200
 400
 600
 800
 1000
Number of flows
 0
 5
 10
 15
 20
 25
 30
 35
 40
 45
 50
Number of nodes
 !
 
	 
ﬀ
O&x{ihrp](EB L$gv|k§x{klfY´kx{e~lfrpx{®hklfx{ti.ª«tVry·mx uo©keolprpg[¸ egi¥¢Vtirpx¦lpY\ﬃgv[ﬁlpY](lfYrp]*](Y]Fhrpx{e~lfx}*e
y`y{z|E}~-}
_>   (ﬂ(x0 n[
	!E
]Fe~lfx{[glpx¢tV[e*¬ Å ¥¢¥lpY]Fef]
¹
t§yerp]Fº<hx{rp]lfY[]ﬁrp]Fef]*rp¯glfx{ti tvª_.®[gv|k§x{klfY h[x¦l^lpt°®5]:}
tirprp]F}2lp¥¢n
Y|gv[k¥{]i¬
O&x{ihrp]7ŁﬁefYt§yeae~x{\h[¥{gvlfx{tirf]>e~h¥¢lpe'ª«tVr@^ U V ! ' 'gi[  U Vﬃ 'V?   'F 'gA2¬
 ]}Fgve~]F]»lpY[gl
·'x uo©e~lfr/g¸ e)gi¥¢Vtirpx¦lpY\ ®5]*Vx¢[elftRrp]ouo]>}2l't< ²
¹
t§yeaª«rpti\ lfY]VivlfY
¹
t§ x¢|e~]Fr~lpx¢tV§Y[]*rp]Fgie2 _
gi[12
­³|}
gV}*}
]Fzkl
¹
t§ye&§x¦lpYtihklPginrf]~uo]F}2lpx¢tVh<lpx¢¥|vi
¹
t§ye*¬ﬃ2% _ e~lpgir~l/erp]ouo]>}2lpx¢
¹
t§yeª«rpti\
lpY]  iVlfY°x¢|e~]Fr~lpx¢tV¬ Å l(lfY[]]F[°tvªPlpY]7e~x{\h[¥{gvlfx{tiVm<v
¹
t§yea§¶]Frf]^gi}F}
]Fzklf]>R§x¢lfY·mx uo©keolprpg[¸ e
gi¥¢Vtirpx¦lpY\´Çkgv¥{\t<eol Vi
¹
t§yeª«tir"2 _ gv| 2
­³[}
gv|ﬁgi¥¢\^tVe~l  BVª«tVr"2%¬
­EªJ§]ti¥{nﬁ}*ti[efxk]*rlpY] [|gv¥#h\»®|]FrytvªJgi}F}
]Fzklf]>
¹
t§yeygi}F}
tVrpkx{»lft7lpY])z[girpgi\^]
lf]Fr ª«tirmgi¥¢¥
tVhrefx{\h¥glpx¢tV[e*Ç¼§]¶gV}/Yx¢]F¯i]¶rf]>e~h¥¢lpe#zrp]Fef]*<lf]>tiPO&x{ihrp] 5[¬  ]}Fgvef]*]PlfY[gvlª«tVr&gi¥¢¥VlfY[]P]*lo§¶tVrf©
}*ti |ihr/glpx¢tV[e#§]$e~x{\h¥glp]FÈÇY[]*hrpx{e~lfx}H2 _¼Ç 2
­³|}
gi[2 % gv¥{§$g¼neY[gi[k¥{]¶\^tirp]y't< <²
¹
t§ye#lfY[gi
·'x uo©e~lfr/g¸ esgi¥¢Vtirpx¦lpY\´¬&b]>e~h[¥¦l/eJª«tir92 _$gv[2
­³[}
girf]¯V]*rpn»efx¢\^x{¥{girP§Y]Frf]>gie 2% gi¥¢§$g¼nkeJe~h[zz|tVr~l
\^tVrf]'t< ²
¹
t§yeefx¢[}*](x¦lyzrpt¯x{]Fe$g^\^tirp]agV}*}
h[rpgvlf](¯x{efx¢tVﬁtiª#lpY]x¢<lp]*rfª«]*rp]*[}*]FeF¬
#a` 5ﬂ%4 6 !%ﬀﬃﬂ
Å tvlpY]*rJx{\^z|tVr~l/gv<lJz|tVx¢<llft)}*ti[efxk]*rxe&lfY]]F¯iti¥{hklpx¢tVtvª5tkk]FeJ}Fgvz[gV}
x¢lfx{]FeF¬ O&x{ihrp](efYt§yeFÇ¼ª«tir
]>gi}/Y´gv¥{itVrfx¢lfY\´Ç<lfY[]®[gv[§x{lpY:kx{e~lfrpx{®hklfx{ti.§x¢lfYx{´lfY][t]Fe$§Y]F.[]*§
¹
t§yegvrp]ax{[ef]*rflf]>È¬

Y[]*ﬁlfY](h\®5]*r$tiª#x¢|e~]Fr~lp]F
¹
t§ye¶xe¥¢t§Çkgi¥¢¥Stkk]>e$Y[g¼¯i]ag¥gvrpi]a}*gvz|gi}
x¢loni¬X$Y] [r/eol$Yx{iY]>eol
¯gi¥¢h]>e$Y[g¼¯i]atily®|]F]*:kr/g¼§ti'O&x{ihrp](^eft7gielpt\7gi©i]alfY]rp]*z[rf]>e~]FVl/glpx¢tV\^tirp]arp]FgVgv®[¥¢]V¬
O&x{rpe~lFÇ§]'}Fgvﬁef]*]mlfY[gvl[t]Fe¶h[e~x{^·mx uo©keolprpg[¸ egv¥{itVrfx¢lfY[\ rp]FgV}/Yg}Fgvz[gV}
x¢lon]>º<h[gv¥|lftMw*]Frftª gie~lf]*r
lpY[gv.§x¢lfYﬁlfY](tvlpY]*r$Y]Fhrpx{e~lfx}*eF¬JX$Y]}
ti¯V]*rpi]*|}
]lpt¥{t§]Fe~l}*giz[gi}*x¦lon7xe$e~¥{t§]*r§x¦lpYﬁY]Fhrpx{e~lfx}*e
efx{[}
](lpY]*nlf]*|.lft7h[ef]tkk]Fe$§x¢lfY:¥gvrpi]}Fgvz[gV}
x¢longiek]Fzx}2lf]>´tijO&x¢Vhrf]?«®sA
Ç[? } A$gi[.s?DEA2¬
·'x uo©e~lfr/g¸ e(gv¥{itVrfx¢lfY\"lp]*[ealpt:ºVh[x{}/©¥{nRe~zrp]FgVR®[gi[k§xlfYkxeolprfx{®hklpx¢tV Ba§]»Y[g¼¯V]gi¥¢\^t<eolalfY]
epgv\^]´h\®5]*r7tiª'tkk]>elfY[gvlY[g¼¯i].¥{t§ÇP\^]Fkx{h\ tir7¥gvrpi]´}*gvz|gi}
x¢loni¬¡X$Yxe^¥¢]>gielpt}
rp]Fglpx¢tV
tiª¶}
tVi]>eolpx¢tVgvrp]FgVey§Y]Frf]
¹
t§yea}*gitvla®|]^rptihklp]F°gvn\tVrf]V¬µ'lfY]^tilfY]Fr'Y[gi[ÈÇ2
_
Ç2
­³|}
gi[ 2%
_
ef¥¢t§¥{n}
tV<¯V]*rpi]F[}
]^lpt¥{t§ﬃ}*gvz|gi}
x¢lfx{]Fegv|lfY]F t[95]Fr»®5]
lflf]*r^rptihklpx¢[°}*giz[gv®[x¢¥{x¦lpx¢]>e*¬
qJgir~lpx{}*h¥{girf¥{nﬁgVemefYt§´ti%O&x{ihrp]s?DEA"2 %
_
}*ti[}*]*<lfr/glp](lfY]»®[gv|k§x{klfYRkxeolprfx{®hklpx¢tVgvrptih[[
grp]*¥glpx¢¯V]*¥{n7Yx¢VY:g¼¯i]*r/gvV]y¯gv¥{h]i¬
#a $
ﬀ'	 4 - g]	9	ﬂ ﬀ1k &ﬃ6ﬂ'X)+*, !	
O[tir(lpY]e~x{\h[¥{gvlfx{ti[e(zrp]Fef]*<lp]Fgv®5t¯i]iÇ#]Fgi}/Ytkk]7e~lpgvrflpe(§x¢lfY iiﬁ®[gv|k§x{klfYhx¢lpeF¬

]gvrp]
[t§x{Vlp]*rp]Fe~lf]>x{lfY]7]F¯iti¥{hklpx¢tV°tiª¶lpY]7®[gv|k§x{klfY§Y]*tkk]>ekt:tile~lpgir~l§x¢lfYlfY[]efgi\^]
}Fgvz[gV}
x¢loni¬ 8:tirp]*t¯V]*r>ÇV§](§gi<llpt7e~Yt§ Yt§¨tVhrY]Fhrfxe~lfx}*e$®nz[giepe¥¢t§£}*gvz|gi}
x¢longvrp]FgVex¢.tir/k]*r
lpt7efg¼¯V]'®[gi[k§xlfY´tiª&tkk]>e$x¢.lpY]Fef]gvrp]FgieF¬

])l/gv©V])lfY[]»epgv\^]
V
' ' '  
V
' ' ' 
¹
gl(gvrp]Fg7gVe'k]Fzx}2lf]>Rgv®5t¯i]V¬

]kr/g¼§HgepºVh|gvrp])x¢lfY]
\^xk¥{]mtiª5lpYxeP\7gvzﬁgv[^§]'}*ti[efx{]*rJlpY[gltkk]FePtihkl/e~xk]ylpY]'epº<h[gvrp]ye~lpgvrflP§x¢lfYﬁii®|gv[k§xlpY
h[x¦l/eygv|tkk]>e$x¢|e~xk](lfY[])efº<h[girf](eol/gvrfl§x¦lpY:ŁVv»hx¢lpetiª&®|gv[k§xlpY¬
X$Y[]*§¶]^lprfnlftRx{[ef]*rfl»vV:'t <²
¹
t§ye*Ç#§Yx{}/Ygi¥¢¥srp]Fº<hx{rp]._7®|gv[k§xlpYhx¢lFÇ§x¦lpY·mx uo©keolprpg[¸ e
gi¥¢Vtirpx¦lpY\´ÇQ2r_Ç 2
­³[}
gv[&2% _¼¬
­³.lpY]Fef]e~x{\h¥glpx¢tV[e$§]'l/gv©V]62/4
U=V
¬
O&x{ihrp]))rp]*zrp]Fef]*<l/ePlpY](x¢|e~]Fr~lpx¢tVtvªJvV
¹
t§ye¶ª«tVr ^
U=V
' ' 'gi[ 
U V
	 ﬃ
¬&wm]*rp]5<vtkk]Fe
e~lpgir~la§x¦lpYŁVv®|gv[k§xlpYhx¢lpe(gi[%m<v[t]Fe'§x¦lpYii7h[x¦l/e*¬

]}Fgve~]F])lfY|gl·mx uo©keolprpg[¸ e
Y#Z yY\[
 
		ﬀﬂﬁﬃ 	!!"#$%ﬂ'&'()*ﬁ+-,/.ﬂ0!(*	1	2ﬀ304	 _V_
 0
 100
 200
 300
 400
 500
 600
 0  50  100  150  200  250  300  350  400  450  500
N
um
be
r o
f a
cc
ep
te
d 
ro
ut
es
Number of flows
Dijkstra
H1HIncHN1
O&x¢Vhrf])+BJ­³[e~]Fr~lpx¢tVtiªJii
¹
t§yeª«tirQ^ UCV ' ' '[Ç  U=V 	ﬃ §x¢lfY:kx*95]Frf]F<l$tVrfx{ix{[gi¥S}Fgvz[gV}
x¢lfx{]FeF¬
gi¥¢Vtirpx¦lpY\®|]Fix{[e'rf]~uo]F}2lpx¢[
¹
t§yemª«rpti\ ŁvV§Y]Frf]>gie 2r_»gi[ 2/'
P

gi}F}
]*zl'lpY]M5<v [rpe~l
¹
t§ye*¬
wm]*hrpxeolpx{}N2%M_gi}F}
]*zlpe.gv¥{\t<eol´gv¥{¥mlpY]
¹
t§ye*¬ X$Yxe´}*gv¨®|]]
jkz¥gvx{]FB®<nSO&x{ihrp]Vm §Yx}/Y
rp]*z[rf]>e~]FVl/e¶lfY])®|gv[k§xlpY´x{e~lfrpx¢®[hklfx{ti´ª«tVr$lfY]>e~])efx¢\»h¥glfx{ti|e*¬

]gi¥{eftlfrph[}*gvlf]>lpY]Yx{iY]>eol
¯gi¥¢h]>e'lft.\^gi©i]»lfY]^rp]*zrp]Fef]*<l/glfx{ti\tVrf]»rf]>gigi®¥{]i¬PO&x{ihrp]Mms? EAa}*¥¢]>gvrp¥¢n:efYt§yemY[t§ Y]*h[rfxeolpx{}
2 %M_Jepg¼¯i]>e®[gi[k§xlfYtvª|tkk]Fe§x¦lpY»¥{t§¤}*giz[gi}*x¦lonMBlpY]Fef]tkk]Fekt'tvl&lpgi©i]Pz|gvrflx{»rptihklpx¢['gie
\»h[}/Y7gieJ[t]Fes§x¢lfY7¥gvrpi]FrJ}*gvz|gi}
x¢lon»efx{[}
]$lpY]y¥{t§¶]>eolP}Fgvz[gV}
x¢lon)¯gv¥{h]yrp]*\7gvx{[e®5]
lo§]*]*:_¼v(gv|
ŁVv[¬(µ':lpY]»tilfY]Fr'Y|gv[ÈÇÈ[t]Fea}*gvz|gi}
x¢lfx{]Fe'º<hx{}/©¥{n:}
ti¯V]*rpi](lft´§x¢lfY·mx uo©keolprpg[¸ eagv¥{itVrfx¢lfY[\.¬
Å
¥¦lpYtih[iY.lfY]Frf])girf]ef]*¯V]*r/gv¥Stkk]Fe$§x¢lfY:¥gvrpi](}*giz[gi}*x¦lonVÇ|'t< <²
¹
t§ye$}*gitily®|]rptihklp]F´gvn\^tirp]
®5]F}Fgvh[ef]tiª)lfY[]°h\»®|]Fr.tiª)tkk]Fe.§x¢lfY ¥¢t§Æ}Fgvz[gV}
x¢loni¬ 2
_
gi[ﬂ2
­³[}
gv¥e~t¤z[rftkkh[}*]g½e~¥{t§
}*ti¯i]FrfV]*[}*]ylpt¥{t§ }Fgvz[gV}
x¢lfx{]FeF¬
O&x{ihrp]$rf]Fzrp]Fef]*<lpe#lfY]h\®5]*rtiªx¢[ef]*rflf]>)rptihklp]Fe#ª«tirgv¥{¥<lfY]$e~x{\h[¥{gvlfx{ti[e§¶]}
tV[kh[}
lf]F¬ O&x{rpe~lFÇ
§](tvlpx{}*](lfY[gvlmg¥¢tilytvªrftVhklf]>egvrp](gV}*}*]*zklp]Fﬁ§x¦lpY2%M_PBJª«tVr 
U
'F '
ﬃ
ª«tVr]
jgv\^z¥{]iÇkY]Fhrpx{e~lfx}*e
2 %M_'gi}F}
]*zlpegv¥{\^tVe~l<v»rptihklp]Fe$§Y]Frf]>gie$·mx uo©keolprpg[¸ egi¥¢Vtirpx¦lpY\ gV}*}
]FzklpeyŁii»rftVhklf]>e*¬
2 _gv[ 2
­³|}
gi}F}
]Fzkla\^tVrf]»rftVhklf]>elfY|gv°·'x uo©e~lfr/g¸ e
Å
¥{itirpx¢lfY\´¬
Å
¥e~t.tilfx}
]iÇSx{RlpYx{e(}Fgief]iÇ5lfY]
®5]
lflf]Fryz|]Fr~ª«tVrf\7gi[}
]atvª 2
­³[}
x{´rf]F¥{gvlfx{tiﬁlft2 _¬
 
).¶-
.	#*)ﬁﬀ ﬁ& ﬂ 6
­³ lfYxe^§tirp©§].Y[g¼¯i]ﬁzrf]>e~]F<lf]F¤lfYrp]*].Y]Fhrfxe~lfx}*e®[gief]F ti·mx uo©keolprpg[¸ e
Å
¥{itVrfx¢lfY[\z[rft¯xkx¢[
}*ti\^zhkl/glpx¢tVtvªs't< <²Erptihklp]Fe¶x¢.§x¢rp]*¥{]FepegiﬁYtk}m]*lo§¶tVrf©ke¶h[k]Frx¢<lp]*rfª«]*rp]*[}*]Fe$}
tV[eolprpgix¢<l/e*¬

]
Y|g¼¯i])efYt§´lfY[gvlmlpY]Fef])Y]Fhrfxe~lfx}*eyY|gv[k¥{])\^tirp]'t 
¹
t§ye®n:efg¼¯x{7¥¢t§H}Fgvz[gV}
x¢lontkk]>emgv|
®nz[gVefefx¢[»¥{t§ }Fgvz[gV}
x¢longvrp]FgieF¬

]P}Fgvt§x¢\7giix{]Pg$zrptVgV}2lfx{¯i]¶'t 'zrftilftk}
tV¥v§Y]Frf]J®[gi[k§xlfYx¢kª«tVrf\7gvlfx{ti[egirf]Jz5]*rpx{tx{}Fgv¥{¥¢n
®[rft<gi}Fgie~l'§x¢lfYx{lpY]^]
lo§tirp© ?«h[efx{[ÇÈª«tVr(x¢[e~lpgi[}
]VÇgvtizklpx¢\^x w*]>
¹
ttkkx{´\]>}/Y[gv[x{ef\Ægieax{
R B#TUA&e~tagielft(}
tV\z[hklf]rftVhklf]>e#§x¢lfY^g'ix{¯i]*Y]*hrpxeolpx{}gv[§Y]*rp]¶lfY]y't< 
¹
t§yegirf]e~tVhr/}
]
²Erptihklp]F
lpt§girp[eslpY])k]Fe~lfx{[gvlfx{ti¬
y`y{z|E}~-}
_¼Ł   (ﬂ(x0 n[
	!E
 0
 50
 100
 150
 200
 250
 300
 350
 400
 450
 500
Bandwidth
 0
 50
 100
 150
 200
 250
 300
 350
 400
 450
 500
Number of flows
 0
 5
 10
 15
 20
 25
 30
 35
 40
 45
 50
Number of nodes
 
#  

 [
	

  
 0
 50
 100
 150
 200
 250
 300
 350
 400
 450
 500
Bandwidth
 0
 50
 100
 150
 200
 250
 300
 350
 400
 450
 500
Number of flows
 0
 5
 10
 15
 20
 25
 30
 35
 40
 45
 50
Number of nodes
 
 
	 
ﬀ
 0
 50
 100
 150
 200
 250
 300
 350
 400
 450
 500
Bandwidth
 0
 50
 100
 150
 200
 250
 300
 350
 400
 450
 500
Number of flows
 0
 5
 10
 15
 20
 25
 30
 35
 40
 45
 50
Number of nodes
 ﬀ
 	
ﬀ 
Yﬂz
ﬀ
 0
 50
 100
 150
 200
 250
 300
 350
 400
 450
 500
Bandwidth
 0
 50
 100
 150
 200
 250
 300
 350
 400
 450
 500
Number of flows
 0
 5
 10
 15
 20
 25
 30
 35
 40
 45
 50
Number of nodes
  !
 
	 
ﬀ
O&x{ihrp]pm+BVLgi[k§xlfYBx{e~lfrpx¢®[hklfx{tiª«tirﬁ·mx uo©keolprpg[¸ egi¥¢Vtirpx¦lpY\ gi[½lfY]RlfYrp]*]:Y]Fhrpx{e~lfx}*e7§x¢lfY
xF9S]*rp]*<ltirpx¢Vx¢|gv¥È}*giz[gi}*x¦lpx¢]>e*¬
Y#Z yY\[
 
		ﬀﬂﬁﬃ 	!!"#$%ﬂ'&'()*ﬁ+-,/.ﬂ0!(*	1	2ﬀ304	 _K5
 0
 50
 100
 150
 200
 250
 300
 350
 400
 450
 500
 0  0.05  0.1  0.15  0.2  0.25
n
u
m
be
r o
f a
cc
ep
te
d 
ro
ut
es
pi
Dijkstra
H1HIncHN1
O&x{ihrp]fBJ±yh\»®|]Frytvª&x¢|e~]Fr~lp]F.rftVhklf]>e¶ª«tirykx*95]Frf]F<ly¯¼gi¥¢h[]Fe$tvª 
­³lpYxe§tirp©§]gvrp]til»}
tV[}
]Frf[]F§x¢lfY
¹
t§ep}/Y]Fh¥¢x{|Ç®hl»§]Y[g¼¯i]lft [|¤gv]!95]>}2lfx{¯i]
efti¥{hklpx¢tVlpt^g¼¯Vtix}*ti¥{¥¢xe~x{ti|e$§Yx{}/Y.\7g¼ntk}*}*hrx¢:efh[}/Yp\$ 8
ÅZ]
\
Å
]
lo§tirp©ke*¬
 "$ﬁ	
R{_T Y[x¢<gv\¶Y[]*gi[ (¥{girpg7±'gvYr/e~lf]FklFÇ¼·mxe~lfrpx¢®hlf]F'h[gv¥{x¦lon<²Etvª ²o ]*rp¯x{}*](rftVhklfx{x{
Å
Rwmt}
±m]
lo§tirp©eFÇ 	
C(`pI !(*-d- 0-#	@ﬂvu qqME-E	2Ç[¯itV¥D¬È_Ç
Å
h[ih[e~l)_     ¬
R Ł#T\¶Y[girf¥{]Fe,+y¬#q&]Frf©x{[eFÇ+s¥{x*w>gv®5]
lfYv8¤¬btni]FrFÇgi[ kgv\^x{r)b¬·'gVe*Çv'h[gv¥{x¢lon:tvª$ k]*rp¯<x}
]^x{
Å

Ytk})µ'k²³·m]F\7gv[´·'x{e~lpgi[}
]WJ]F}
lftVrybtihklpx¢[[¬ ﬁ­@+PXQO½­³Vlp]*rp]
ly·'rpgvª lF¬
R 5T)b¬ Y]Fh|Ç|¬ Yx{hÇ +y¬qt<tVÇ
Å
Yk²dYtilF¬ \¶Y[gv½gv[ La¬ YxM¬¢Ç
Å
't< <²
Å
§girf] 8Rh¥¦lpx¦²EqJglpY ·mn<²
[gi\^x{}7 tVhrp}*]7btihklpx¢[.qPrftilftk}
tV¥ª«tVr

x¢rp]*¥{]Fepe
Å
²³wytk}^±y]*lo§¶tVrf©keFÇ »x{ﬂﬁN EEE(		
u K1 1M K-( u q:, o! 2P!ﬀ304	Dub2ﬀﬂﬁÇÈŁvi[_i¬
R T
Å
]*¥{x{ef] 8:h[[gvrp]
lflft[Ç»wmgv©x{\ LgVkxe*Çﬃ (Y|gv¥ktih
Å
¥
Å
iY[gBgi[=Xahn£qshuotV¥¢¥{]iÇvµZY kb B
btVhklpgii].g¼¯i]F}´'t< [gv[eµZY bÇ .x¢  ( eg! E!("ﬀ$#iÇZ?$Lgin<h[¥{e~²Eefhrf²M\^]FrFÇOr/gv|}
]KA
Çs­o±mby­
Å
Ç
8Rg¼n.Łvig5¬
R #T\'¬ \¶Y|gvh[k]*lﬁgv|½­2¬9Xahd*rpx¢ Ygiepe~tVh[e^x¢% 11,E1h.ﬂ0!(*	-	ﬀ&'M.($)ﬁÇ ?O&¥{tirp]*[}*]iÇ
­El/gv¥{nA
ÇEO]F®rph[gvrpnŁvVVŁk¬
R mT Y#]*ti[x{gVe;Xa]*tVrfVx{gVkxe*ÇkqsY[x¢¥{x¢z[z|]^VgV}*º<h]*lmgv['L]*rp[girpj8Rgi[eÇ*#Lgi[k§xlfYRby]Fef]*rp¯¼gvlfx{ti´x{
8:h[¥¦lpx¢YtVz

x¢rp]*¥{]Fepe±m]
lo§tirp©e B \¶ti\^z¥{]
jkx¦lonagv[8:]>}/Y[gv[x{ef\7e*Ç ¶X#]>}/Y¬*b]Fz¬*­o±'b­
Å
by]Fef]Fgvr/}/Y
b]Fz|tVr~lybyb²M B<m[Ç­o±mb­
Å
ÇY<l~lfz B
]g]
§§§¬ x¢rpxg¬ ª«rFÇkVh¥¢n´ŁvV[5¬
R KT
Å
¬+WJ]*¥g¼nhklfY[gi\ gv|ﬁw¬

gi[Ç ti¥{hklfx{tiﬁlftlpY]0+Jjkz|t<e~]>´±ytkk](qsrpti®¥{]*\´Ç 
y`y{z|E}~-}
_F   (ﬂ(x0 n[
	!E
R BTqsY[x¢¥{x¢z[z|]aVgV}*º<h]
l>Ç Å xe3Y#gitihx¢lfxMÇ<qgVef}Fgv¥{]:8:x{]
l$gv[rYgvhrp]*<l Wmx{]*[tvl>Ç&>q]Fr~ª«tVrf\7gv|}
]gv[gi¥¦²
nkefx{etiªyµZY& kb \h¥¢lfx{z5tix{Vl
¹
ttx¢´x{lo§¶t:gV°Y[t}§x¢rp]*¥{]Fepe(]
lo§tirp©:\^tkk]*¥e*Ç ﬁX]F}/Y¬#by]*z¬
­o±'b­ Å b]Fef]Fgirp}/Y.b]*z5tirflybyb$²E<Ł[miÇ­o±'b­ Å ÇY<lflfzbB ][] §§§¬ x{rpx{g[¬ ª«r>Ç[ŁvV_i¬
Y#Z yY\[
Unité de recherche INRIA Rocquencourt
Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)
Unité de recherche INRIA Futurs : Parc Club Orsay Université - ZAC des Vignes
4, rue Jacques Monod - 91893 ORSAY Cedex (France)
Unité de recherche INRIA Lorraine : LORIA, Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - BP 101 - 54602 Villers-lès-Nancy Cedex (France)
Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38334 Montbonnot Saint-Ismier (France)
Unité de recherche INRIA Sophia Antipolis : 2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)
Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, BP 105 - 78153 Le Chesnay Cedex (France)
  	


  
ISSN 0249-6399
